Summary Nuclei of a disease-free foundation stock of mice housed in a barrier unit and a barrier cabinet constructed from resin-bonded glass-fibre were compared over a period of 7 years. The cabinet was found to be a satisfactory alternative to a ftexible·film isolator and was thought to be preferable. A description is given of the cabinet, the method of sterilization and the breeding schedules for 2 generations adopted to make the maximum use of the to-month life of the highefficiency filter employed. Throughout many cycles of this duration the degree of cleanliness was of a high order. A major contribution towards this was the collection of excreta on a tray lined with both absorbent and grease-proof paper, and the removal from the cabinet of dirty boxes when weaners were issued in them at the age of 5 weeks. These boxes were replaced in the cabinet by clean, sterile ones.
Summary
Nuclei of a disease-free foundation stock of mice housed in a barrier unit and a barrier cabinet constructed from resin-bonded glass-fibre were compared over a period of 7 years. The cabinet was found to be a satisfactory alternative to a ftexible·film isolator and was thought to be preferable. A description is given of the cabinet, the method of sterilization and the breeding schedules for 2 generations adopted to make the maximum use of the to-month life of the highefficiency filter employed. Throughout many cycles of this duration the degree of cleanliness was of a high order. A major contribution towards this was the collection of excreta on a tray lined with both absorbent and grease-proof paper, and the removal from the cabinet of dirty boxes when weaners were issued in them at the age of 5 weeks. These boxes were replaced in the cabinet by clean, sterile ones.
Glass-fibre isolators are used in large numbers at the Houghton Poultry Research Station for the rearing and maintenance of disease-free chickens on a site likely to be exposed to infection by highly infectious avian diseases (Cooper & Timms, 1972) . We were fortunate to have seen these isolators at an early stage in their development, at a time when we were designing a metal isolator of similar dimensions for stricter isolation of the Pirbright P(SD) mouse colony. This had recently been surgically derived and was housed in a small barrier unit. The potential value of the Houghton design, which was likely to be produced in quantity, for the housing of mice was immediately evident, and led us to order 3 for conversion to mouse barrier cabinets at this Institute and for a long-term comparison with the barrier unit. The 1st colony of mice was started in June 1971 in a modified Houghton isolator, which we refer to as a barrier cabinet, and the 3 units have been in successful use since that date.
Barrier cabinet design
The cabinet shell was manufactured in resin-bonded glass-fibre by Harland & WoltT Ltd (Queen's Island, Belfast, BT3 9DU, UK) to the MK 1Il Houghton isolator design with 2 modifications. One was the removal of the external compartments at floor level at each end, which were required to house a roll of polythene sheeting on which the chicken excreta were collected and periodically removed. The other was to replace the glass-fibre mouldings for the attachment of polythene gauntlets with standard glove ports (Marine and Industrial Plastics Ltd, Lower Quay, Fort Fareham, Fareham, Hampshire, POI4 IBH, UK) built into the cabinet walls so that neoprene ambidextrous gauntlets (Baker & Laidler Ltd, Church Street, Gamlingay, Bedfordshire, SGI9 3JN, UK) sealed to the ports in use with a 'Unex Type H' hose-clip (Uniclip Ltd, 100 Royston Road, Byfteet, Surrey, KT 14 7PB, UK) could be used. Unused ports were sealed with a standard bung.
To facilitate experimental development of the cabinets the 18 circular ports in the original design were retained so that the cabinets could be worked from either side. The large aperture with steel reinforcement at the end opposite to the transfer port was also retained to give ample scope for the design of a ventilation system. This and the provision of a mobile undercarriage had to be done at this institute as the manufacturers only supplied the glass-fibre cabinet shell, complete with roof. A floor supported on a metal frame was fitted inside the cabinet to give a distance of 390 mm between the glove port centres and the floor surface. It was made of 9-ply wood, 12 mm thick, in 2 sections, was very close fitting and, when in use, was covered with a double layer of O·25 mm polythene sheeting cut generously to turn up all round at the edges so as to retain any water accidentally spilt ( Fig. 3 ). Inserted in this floor, at the transfer port end, was a polypropylene sink 305 x 125 x 120 mm, made from a mouse box, which drained out through a shallow S-bend in piping passing through one of the small ports into an open bucket (Figs 1 and 4 ). The sink rested over the polythene and there was a trap door 150 x 100 mm in the floor nearby which was opened during a preliminary fumigation procedure to allow sterilization of the area below (Fig. 4 ).
The ventilation system so far described was completed by the provision of 2 metal plenum chambers 1220 x 510 x 80 mm placed together on the false floor and against the rear wall of the cabinet (Fig. 3) . Each was drilled on the front face with 18 sets of 3 holes, 9 mm in diameter, placed immediately behind the gap between each mouse box and the tray beneath (Fig. 5 ). The rear wall of each plenum chamber was fitted with a single 60 mm spigot which passed through one of the glove ports on the rear cabinet wall and was held in position by bolts through a recessed plate Fig. 3 . Top and centre: views from opposite ends into cabinet with roof removed. The false floor is not in place. Bottom: view with false lIoor and a plenum chamber in place. The floor is covered with polythene sheeting and one mouse rack is in position complete with all its fitments and with absorbent paper on the trays. The nearest rack is fitted with none of its components. The middle rack is filled with its 3 hanging shelves and base plate. The 3rd rack is filled in addition with its top plate, 12 mouse boxes and 3 trays. tightly fitting the outer rim of the glove port. A valve attached to each spigot joined an air duct and each air duct led to a common duct which passed to the outside of the building (Figs 1, 2 and 4), where it was directed downwards and fitted with a perforated zinc gauze disc to discourage entry of insects and spiders. The cabinet roof was constructed in one piece and had 6 sealed rigid clear-plastic windows (Figs 1 and 2). It required 2 persons for handling. When not in use it was held away from the risk of damage, flat against a wall, in a frame at shoulder height. It was sealed to the cabinet by an adhesive strip of vinyl foam stuck to the top of the cabinet walls to which the roof was fastened by nuts and bolts alone or alternating with spring clips (Figs 2 and 3).
A manometer (Airflow Developments) opening inside the cabinet was fitted outside above the highefficiency filter. With the cabinet sealed, the air supply could be regulated by a sliding metal sheet between the dust filter and the fan, and by the valves on the outlet duct from each plenum chamber. Adjustments to give an air pressure of 7·5 mm inside the cabinet were 269 shown by tests with a velometer to give about 10 changes of air per hour, and pressure was maintained at 6·5-7·S mm during cabinet use.
Water direct from the mains with pressure reduced to 14-21 kNm-2 (2-3 Ib in-2 ) was supplied to the cabinet by a pipe passing through the laminate plate holding the high-efficiency filter housing. The temperature of air supplied to the cabinet was dependent on that of the air in the room. This was maintained at about 22·5°C by a thermostatically-controlled hotwater radiator system. Room and cabinet temperatures were recorded daily. Ventilation of the cabinet room area depended on 2-way flow fans fitled to some of the glass-block windows.
The positioning of the 3 cabinets is shown in Fig. 1 . An area of similar dimensions from which this photograph was taken was used as a service area for the cabinets and included the facility for the cabinet air duct to be attached to a duct leading to outside the building for expelling formaldehyde vapour after 2 of the 3 sterilization procedures.
Mouse boxes and racking (Forth-Tech Services Ltd, Mayfield, Dalkeith, Midlothian, EH22 4AQ, UK) were designed in 3 sections of identical size that could be handled readily by a single person. The design was also tailored to facilitate the sterilization of the inside of the cabinet (after it had been finally sealed) by exposure to formaldehyde vapour for 24 h. Each racking section held 3 hanging shelves which were slid in from the front and a base plate which covered the bottom of the section. 4 mouse boxes were suspended from each shelf over a shallow tray resting on the shelf or the base plate below (Figs 4 and 5). A top plate extended from the front of each rack to 130 mm beyond the back, thus partially enclosing the area above the plenum chamber and assisting a maximum flow of air through the front of the racking and above the trays before it entered the plenum chambers (Fig. 3) .
The trays were lined with a sheet of greaseproof paper covered with another sheet of absorbent paper (crepe absorbent paper, S/O 53 GSM; Spicer-Cowan Ltd, 28 Banner Street, London, EC 1Y 8QE, UK). Both were supplied at 780 x 318 mm, slightly exceeding the dimensions of the'base of the tray, which had vertical sides and back 12 mm high and a front sloping forwards. A packet of 140 of these paired sheets was stored on each top plate and a pair was withdrawn together from the front of the packet as required. Only the under surface of the greaseproof sheet was handled when it was discarded into a small paper sack.
The aluminium-alloy mouse box (Fig. 6 ) had a stainless-steel wire grid floor 295 x 145 mm. A baffle plate protected the front end from becoming contaminated with urine, leaving a clean surface for handling.
Water was provided in 100 ml glass bottles which were supplied from a mobile filler activated by a pressure of the bottle on a plate (Fig. 4 ). This was an ad~ptation of a trigger action bend piston (No. 19E; Eclipse Sprayers Ltd, 1 Rawlings Road, Smethwick, Warley, W~st Mi~lands, B67 SAB, UK).
Sterilization
, After all mice had been removed~the ventilation was switched otT, the air-duct valves closed, and the cabinet moved into the service area and: attached to the air duct leading from there to outside the building. The inside of the cabinet was then exposed to formaldehyde vapour for 24 h by boiling:otT 200 ml of 30% formalin from a flask in a heated;mantle placed near the sink. The electric cable from' the mantle passed through a finger of a special gauntiet replacing the one in the nearest port. After opening the air ducts, the vapour was discharged by switching on the ventilation system for 24 h. All equipment was then dismantled and cleaned. As all: corners inside the cabinet were rounded and all internal surfaces impervious and perfectly smooth, the cabinet shell was easily cleaned internally. After anew high-efficiency filter ,had been fitted, the cleaned false floor, plenum chambers, sink unit, air-duct valves, air ducts and port bungs were refitted and the roof replaced and sealed. S autoclaved gauntlets and a 6th for the mantle cable were then fitted, the external orifices of the sink and water supply sealed and the formalization procedure repeated. This time the trap door in the floor was open and new polythene floor sheeting was ruffled up on the floor to expose its surfaces. This sheeting was fitted into position before the cabinet roof was again removed so that that the 3 rack sections, freshly autoclaved, could then be placed in position and all the other freshly autoclaved wrapped components and requisites placed as in Fig. 7 . The sealed cabinet was then moved to its final position and given a final 24 h exposure to' formaldehyde.
After purging was completed the gauntlets were used to remove the mantle, to renew its gauntlet with a serviceable one, and to unwrap the equipment and assemble it in the racks. From the time of this final purging the cabinet was kept under positive pressure. The transfer port was never opened until both the air-duct valves had been closed to give the maximum air flow through the port. The mouse diet was FFG(M)LAC (E. Dixon & Sons (Ware) Ltd, Crane Mead, Ware, Hertfordshire, SG12 9PZ, UK), submitted to 2·S Mrad when doublewrapped in 6·4 kg amounts in plastic bags. The outer bag was removed at the transfer port, using a sterile procedure, before the inner bag was passed through. The same procedure was used for passing in other materials, previously autoc1aved when double-wrapped in small paper sacks. Linen gloves were always worn inside the gauntlets. To reduce the build-up of contamination on the hands of the gauntlets, these were always covered with a pair of surgical gloves when in use. The same pair of surgical gloves was passed from gauntlet to gauntlet as required and was replaced with a sterile pair at least every 2 weeks. A 1% ampholytic disinfectant solution ('Tego MHG'; Th. Goldschmidt Ltd, Initial House, 150 Field End Road, Eastcote, Middlesex, HAS ISA, UK) was prepared in the cabinet in a small bowl and used to sponge down the plastic floor and rinse the fingers of the gloves and gauntlets. Mice in the cabinet were handled with forceps.
Breeding colony schedule Experience showed that the high-efficiency filter could be used continuously for about 45 weeks before there was difficulty in maintaining the air flow. To maximize the use of each filter, breeding colony schedules were finally adjusted to a 22-week cycle by the selection of replacement stock from the 2nd litters.
Successive colonies were set up with 24 breeding pairs 10 weeks old. 6 of these pairs were issued in the 4th week of the cycle when the best 18 pairs were selected for retention. In the 6th-7th week the 1st litters were weaned when 18-19 days old by moving the breeding pairs into the 18 empty boxes. The weaners were left in their original boxes. The nesting unit then usually became fouled and was removed. The mice were issued in this box at the age of 5 weeks. During this operation recessed lids covered each box. These could then be stacked in pairs for issue through the transfer port. Fresh boxes were then substituted in readiness to receive 12 of the breeding pairs when their 2nd litters were weaned in the 9th-10th week. The other 6 pairs were issued at this time before their 3rd litters were born. Replacement stock was selected from the 18 2nd litters when 5 weeks old, identified individually with picric acid and moved into clean boxes-6 boxes of each sex, 4 per box. The remaining mice in the 2nd litters were issued. All mice in the 3rd and 4th litters were issued in the same way, and the 12 pairs were issued as soon as their 5th litters were weaned in the 18th-20 week. These litters were issued 2 weeks later.
In the 20th week the lO-week-old replacement stock was used to start a 2nd breeding cycle in the same cabinet. In the 40th week the 2nd group of replacement stock was issued in solid-floored boxes with filter covers to start a new cycle in a new cabinet. The first cabinet was then closed in the 42nd week by completing the issue of the 5th litters.
For maximum production of mice 5 weeks old the system used to make the best use of the 3 cabinets was to start 2 independent colonies in separate cabinets at an interval of 10 weeks. The 3rd cabinet was then used in the 40th week to start a new cycle. When the 1st cabinet was closed down in the 42nd week) there were 8 weeks in which to service it before it was required again to receive the next group of lO-week-old breeding stock. If 5 cabinets had been available it would have been feasible to double the number of mice issued by setting up colonies regularly every 5 weeks, using the same cycle of 5 litters. The interval for servicing a cabinet would then be reduced to 3 weeks. This would be sufficient but could, if necessary, be increased to 5 weeks by issuing the final crop of 5th litters at the age of 3 weeks.
Until 1978 it was the practice to reduce the size of litters to 8 when sexing them at the age of 1-2 days. To increase selective pressure for larger litters, we now reduce litters to 10, and then to 8 at the time of weaning. On both occasions a bias is applied towards the currently desired sex ratio.
With sexual maturity occurring from the age of 36 days, litters have to be sexed at 5 weeks. For practical reasons it is convenient to leave the mice to be issued in the cabinet to this age. It would be possible to fill a cabinet with 36 breeding pairs and then to issue the litters at the time of weaning: this was thought likely to stress the weaners at an unnecessarily early age.
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Moreover, it would entail a far greater risk of mice escaping from the boxes and more frequent use of the transfer port. It would also create difficulties regarding the renewal of mouse boxes. The issuing of mice at the age of 5 weeks in their own boxes gives a week in which to provide fresh boxes for the breeding pairs.
Results

Comparison of the barrier cabinets with a barrier unit
Our experience with the barrier cabinets has been limited to colonies of the Pirbright P(SD) mouse strain. This had previously been maintained in a barrier unit (BU) into which it had been introduced for fostering on to Porton SPF mice after being surgically derived in December 1968. The origin of the P(SD) strain was the Parkes albino strain in 1948. The docile nature of this strain contributed greatly to the ease with which the P(SD) mice could be handled in the cabinets without escapes from opened mouse boxes.
In 1972 the breeding schedule in the BU was made the same as that in the cabinets so that a strict comparison of productivity could be made. Starting with foundation stock from the same litters of the BU colony, 2 colonies were set up in each environment at an interval of 10 weeks, and all were cared for by the same technician. 15 months later, the colonies in each environment were cross-mated and the comparison was continued with the resultant single colonies for a total of 3 years. After this cross, a comparison of 2 other single colonies was started in 1973, using fresh foundation stock from the BU colony. These colonies were also compared for 3 years. The cabinet colony was then cross-mated in cabinets with the BU colony and) 5 generations later) 24 breeding females at the completion of their breeding cycle in the cabinets were submitted in 1978 to MRC Accreditation Scheme tests (Medical Research Council, 1974) . Pathogens were not detected and additional tests for polyoma and Reo 3 viruses were also negative. Progeny of these females were then used to renew the BU colony, thus removing genetic drift within these 2 breeding nuclei.
Records of the 1st 4 years of comparison have given the data in Table 1 . When considered on its own, the productivity in the cabinet colonies might have been thought satisfactory. However, it was clearly better in the BU colonies, where natural losses after litters had been reduced to 8 mice were under 1%. Losses in both environments from the age of 3-5 weeks were nil. The greater losses in the cabinet colonies were entirely due to whole litters having to be culled when there was lactation failure in a few of the breeders. Their subsequent litters were usually reared successfully. Conditions in the cabinets undoubtedly suited nearly all the mice and one might have expected genetic selection to reduce the frequency of lactation failure in later generations, but this was not evident.
The main difference between the environments was the mouse box. In the BU this was also made of aluminium alloy but was not suspended. It had a perforated lid and solid floor 300 x 150 mm. There was no nesting unit and bedding was sawdust and wood-wool. In the cabinet box there was the wire-grid floor outside the nesting unit and only wood-wool was supplied as bedding.
Discussion
Regular production of successive litters is required to make efficient use of a cabinet. Genetic selection was tailored to this end in that selection of 18 of the 24 pairs mated was based on the promptness with which they produced their 1st litter and on the litter size. These same factors predominated in the selection of the final 12 pairs kept to produce 3rd, 4th and 5th litters. The fact that litters were regularly produced at intervals of 20-23 days ensured that the replacement stock was 10 weeks old when required in the 20th week of a breeding cycle. It was also normal for 11 out of the 12 5th litters to be born in the 15th-16th week of a cycle.
Overhead lighting made examination of mouse boxes and the sexing of new-born mice easy. The rigid clear-plastic windows of the cabinets have remained as good as new and, as dust production has been minimal, their internal surface has required no attention during use. This has also led to the general cleanliness within a cabinet being such that it is difficult to distinguish one that has run for 42 weeks from one newly stocked.
There appears to be no modification required to the design of the cabinet and its fitments. Elimination of the false floor would be retrograde in that its presence ensures in an emergency-such as electrical failurea 36% increase in air volume available to the mice by opening the trapdoor. Experiments have shown that, with normal ambient temperatures, colonies can then easily survive for 24 h without distress. If the ambient temperature falls to below 18°C, intermittent switching off of the ventilation fan can also be resorted to as a last measure to maintain cabinet temperature.
The mouse boxes are adequate in size for 8 P(SD) weaners up to the age of 5 weeks. To accommodate the same number of weaners of a larger strain of mice in the same boxes it might be necessary to issue them before they are 5 weeks old. It might seem possible to lengthen the boxes by 30 mm and have the racks up against the plenum chambers so that the longer box with water bottle in place could be removed. However, this is not a feasible alternative as it would mean that the distance between the racks and glove ports would be increased by 30 mm and the strain placed on a gauntlet of standard length when reaching to the lowest tier of boxes would then be unacceptable.
The barrier-maintained colonies of P(SD) mice in the BU and cabinets have never shown signs of clinical disease when observed up to the age of 9 months. This record was supported by the Accreditation Scheme tests. There is, however, evidence suggesting the presence in the strain of a viral oncogene causing a low incidence of lymphomas after the age of 18 months (Skinner, Knight & Lancaster, 1979) .
Stock from these colonies was on several occasions used to renew the conventional colonies in the smallanimal breeding unit when their health status deteriorated. This was the main purpose for which the barrier-maintained colonies were kept but, additionally, since 1972 the opportunity was taken to assess the value of the modified Houghton isolator as an alternative to the barrier unit. This unit was under positive pressure with a supply of high-efficiency filtered air. Diet and water supply were as for the cabinets. Bedding and boxes were autoclaved. Staff showered within the unit on the way in and wore autoclaved clothing, headgear, surgical gloves and disposable face-masks. One advantage of the cabinets was that they could be attended to at any time of the day without the need for this change of clothing. The fact that the conditions in the BU favoured the mice has led us to conclude that our nucleus of clean P(SD) stock should not be kept solely in barrier cabinets where isolation could be considered more satisfactory, but should continue to be maintained in both environments at a low rate of production, ready for an increase in an emergency, and with occasional crossmating to reduce genetic divergence.
In situations where there are currently no barrier conditions, barrier cabinets could be considered as an economical alternative to the provision of a new 'SPF' unit. They only require an area suitably ventilated and heated for the comfort of staff who could have their interests diversified by at the same time maintaining conventional colonies constantly supplied with SPF mice from their own cabinets. The cost of rigid-walled isolators can be expected to be greater than that of flexible-film isolators, but their much longer life has to be taken into account. Our cabinets remain as good as new, and many of the reasons given by Cooper & Timms (J 972) for preferring a rigid-walled isolator also apply.
